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General
Enantioselective allylboration of aldehydes was performed in a flame-dried 10 mL glass test tube with a Teflon-coated magnetic stirring bar unless otherwise noted. The test tubes were fitted with a 3-way glass stopcock and reactions were run under Ar atmosphere. Airand moisture-sensitive liquids were transferred via a gas-tight syringe and a stainless-steel needle. All work-up and purification procedures were carried out with reagent-grade solvents under ambient atmosphere.
Instrumentation
NMR was recorded on JEOL ECA-500 spectrometers. Chemical shifts for proton are reported in parts per million downfield from residual protium in the NMR solvent (CDCl 3 : δ 7.26 ppm, CD 3 OD: δ 3.30 ppm). For 13 C NMR, chemical shifts were reported in the scale relative to NMR solvent (CDCl 3 : δ 77.0 ppm) as an internal reference. Optical rotation was measured using a 1 mL cell with a 0.5 dm path length on a JASCO polarimeter P-2200. HPLC analysis was conducted on a SHIMADZU HPLC system and a JASCO HPLC system equipped with Daicel chiral-stationary-phase columns (0.46 cm φ x 25 cm).
Materials
Unless otherwise noted, materials were purchased from commercial suppliers and were used without purification. THF, Toluene and CH 2 Cl 2 were purified by passing through a solvent purification system (Glass Contour). Column chromatography was performed with silica gel 60 N (spherical, neutral, 40-50 mm) purchased from Kanto Chemical Co. Ltd. To a flame-dried glass tube equipped with a three-way top were placed chiral acid catalyst 2d (12.3 mg, 0.010 mmol), freshly distilled benzaldehyde (5a) (10 µL, 0.10 mmol), and dry CH 2 Cl 2 (0.5 mL) under Ar atmosphere. The resulting solution was cooled at -78 °C before allylboronic acid pinacol ester (6a) (38 µL, 0.20 mmol) was added via a gas-tight syringe with a stainless steel needle under Ar atmosphere. The reaction mixture was stirred at the same temperature for 5 h. The reaction was quenched with DIBAL (15 µL, 1.0 M in toluene). After stirring for 10 min, 4M HCl was added to the mixture and the aqueous layer was then extracted with CH 2 Cl 2 . The combined organic layer were washed with brine and dried over Na 2 SO 4 . After evaporation of the solvent under reduced pressure, the reaction mixture was purified by flash chromatography using ethyl acetate and hexanes (1:10) to give 7a (11.0 mg, 74%). The enantiomeric excess was determined to be 85% by chiral HPLC analysis. 1-(4-Trifluoromethylphenyl)-but-3-en-1-ol (7h 12.2 (c 0.37, CHCl 3 , 35% ee), CHIRALCEL OD-H (φ 0.46 cm x 25 cm), 2-propanol/n-hexane = 10/90, flow rate 0.5 mL/min, detection at 210 nm, t R = 11.6 min (S), 15.4 min (R).
General Procedure and
(S)-1-Cyclohexylbut-3-en-1-ol (7n) Product was converted to the corresponding benzoate 7n' with benzoyl chloride before the enantiomeric excess was determined by HPLC analysis. Reported compound, 6 [α] D 28 -2.0 (c 0.32, CHCl 3 , 66% ee), CHIRALPAK IA-3 (φ 0.46 cm x 25 cm), 2-propanol/n-hexane = 1/99, flow rate 0.5 mL/min, detection at 210 nm, t R = 8.8 min (R), 9.2 min (S). To a flame-dried glass tube equipped with a three-way top were placed chiral acid catalyst 2d (12.3 mg, 0.010 mmol), freshly distilled benzaldehyde (5a) (10 µL, 0.10 mmol), and dry CH 2 Cl 2 (0.5 mL) under Ar atmosphere. The resulting solution was cooled at 0 °C before allenylboronic acid pinacol ester (9) (38 µL, 0.20 mmol) was added via a gas-tight syringe with a stainless steel needle under Ar atmosphere. The reaction mixture was stirred at the same temperature for 48 h. The reaction was quenched with DIBAL (15 µL, 1.0 M in toluene). After stirring for 10 min, 4M HCl was added to the mixture and the aqueous layer was then extracted with CH 2 Cl 2 . The combined organic layer were washed with brine and dried over Na 2 SO 4 . After evaporation of the solvent under reduced pressure, the reaction mixture was purified by flash chromatography using ethyl acetate and hexanes (1:10) to give 10a (11.8 mg, 81%). The enantiomeric excess was determined to be 57% by chiral HPLC analysis. (S)-1-(4-Cyanophenyl)-but-3-yn-1-ol (10i) Reported compound, 7 [α] D 25 -27.4 (c 0.40, CHCl 3 , 67% ee), CHIRALPAK IB-3 (φ 0.46 cm x 25 cm), ethanol/n-hexane = 1/99, flow rate 0.5 mL/min, detection at 210 nm, t R = 120.5 min (R), 124.9 min (S).
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